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Y CF, CED GYROSCOPIC HORIZONS
Cpvanpa bt T, o St VIS
B. V. Bulgakov and Ya, N. Roytenberg
The ‘Principle of Forcéd Cyroséopls Stabilization

In designing gyroscope supports and general construction, one
employs two different principles tc take off readings from gyros=
copic apparatus and stabilizers. The first of these principles
consists of the maximum "oad-relieving® of the gyroscopic sensitive
element from the disturbing forces which may have caused the element's
declination from the voszition to be maintained. To do this, one

employs various, often rather intricate anti-frictional devicee and

the readings sre taken off from the minimum mechanical load of the
s
sensitive element. Both problems are often solved with the help

of a tracking system, which reproduces all the sensitive element's

i R e

T

movemente relative to the ship or airplane in which the apparatus

= BRI

is seb up., One of the difficulties here consists in the fact that

the errors in the sensitive element are accurulated along with

the errors in the tracking system and the high stability ofdgroa,-
n

copic system cannot be fully utilized,

The other principle may be called the principle of forced
stabilizers and consists of employing a "load-relieving" servomotor
or electromagnets which contribute forces that compensate for the
frictional forces in the supports and the slow reaction of the
apparatus in transmitting the readings. In order to control
or regulate auj:omatically the "load-relieving" of the apparlf.ua;
small relative movements are utilized in the system of the gyro-

scopic sensitive element, vhich movements being csused by the
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4 disturbing forces, During these movemerts, moreover, gyroscopic moments
arise which react against ‘the disturbing force and govern the stabili-

zationat the first moment so long as the "load-relieving" apparatus

18 not operating. In this case there is no need, either for the
tr1c‘§.ng system or for a super delicate designing of the e xternal
supports of the :sensitive element, and the readings can be taken
immediately with it, Here the frame of the gyroscopic
sipfpitive element assumes at the same tire the role of thé ' .
tracking aystem.

i An example of & forced stabilizer is the well known gy*oucapir

i n:odometer”, the description of which is in E, @ Sperry's book ZU
oy The took also shows that with the aid of two such Sperry stabilizers

) i it ie possible to obtaln an artificial horizon; that is, a plat-
form able to be meintained in a position close to the

horizontal, T
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The Equations of Motion of a Forced Gyroscopic Horizon

at diagrammatic

One of the possible schemes i& presented in the f1

o .
: \ﬁ\-tch'.‘ “ne Y] axte of the O
longitudinal axis of the ship. The stabilizable platform c&an be

to the wheel around the second Cardan ;.ina.

ardan wheel is directed along the

rotated relative

The angles of rotation around these axes are denoted by alpha A

6und are assumed to be small. Sy and Sy are the "load-
he true coordinate systen

‘and beta
relieving" motors. Th°§ plane of ¢

) ' é‘n khich ie conmected with the ship, is assumed to be horizontal.
The xy plane of the sepond coordinate system xyz ig the plane of the

The housings of the four yroscopee.of natural

platform.
an ‘rotate relative to the platform

moments Hy, H'ys Hy, m,, [
so that the axes -of

around the perpendiculars to their axes, &C

ation of the gyroscope remain in the xy plane. Since the housings

then for small angles

rot
are joined in pairs as antiparallelograms,

V]

@ “of the firet two gyroscopes we have
approximately the relationd =— . ./ Analogously for the other T
T =:../‘[‘/. The arrows Hy &nd Hy in the

potentiometers,

of precessiond

two gyroscopes we have

diagran ‘represent also the slide rumners of the

which control the #load-relieving" motors.
motors to the Cardan axes, are SxT—_SyJ’ , where
In order to create the repulating

The moments, trans=

ferable by the

Sy and Sy are considered constant. .
and Ky are eqployed, which regulate

forces, the horizontal pendulums Ky
o of the € = E AT

the motors E¢ and Ey placed on the precessional axel
any movement of the ship of constant velocity ¥

ourse, making a constant angle @i/ with
s of the pendulums are

gyroscopes. During
with respect to the ship ¢

the direction of the morth, the inclingtion
proportional to the projections pfland pﬁ of ‘f,bt‘"’ish,t p of the
pendulumbobsupon the axes X and 3. If the speed 1; changed and the
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hae a radius of curvature P , then the pendulums

ship's trajectory
forces of inertia

are acted upen by other forces; namely, the

Pvz/gp, -;v/g. Therefare the momente generated by the regulating
.

motors are Kx (*1: %‘ and Xy (»(3 - —%), where Ky and Ky

are assumed to be constant and = ¥ 135 the angular velocity

of circulation (ehip's turning on the arc of radius R).

As for the equations of motion, it is possible ‘to connect

the equations of momente relative to the X, axes for the whole

system and the equations of moments gelative to the whole precession
an
for the gyroscopic pairs Hx, H'x,/Hy, H'y:
{e faf '0 2 al

the moments of inertia of the whole gystem

Here A, B are
e

relntive to the p3 &r axes and the ineriisl terms of fo

Cz‘tin the two’ IJtter equations are disregarded,
the corresponding masces are not larsezf— /’;' ‘,‘? 1, rz

whose expressions may be obtained

in as much as

are the gyroscopic moments,

from the formulas (2,10) in the article by Ya. N. Roytenberg /2/.

Designating by g;‘ho angular velocity of the Earth's rotation,

by Rethe Eerth's radius, by ' the latitude of the place;

taking into consideration the various distinctions in the remaining

designations; and assuming that Hy = H'x, Hy = Hy =— then we shall

find thats
St‘qoond %rouri P 2%

Substituting in the equations of motion and disregarding the
products of U ain¢ by w., B \ﬁw "U we then obtnin:

4 G)
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(1)
r 2491

(2)

Hence it 1= seen that, Af a ship moves with constant velocity "‘\{

with respect to a constant course (v g comst, L"’- const, v s (W= 0),
I then the coordinutes%é{o;gqq aperiodicaily and tend to a
constant limiting value xi, 79', 0, O wheret .

These quantities are veclocity deviations; they are small if Ky,
Ky are sufficiently large, For v == 0 a.nda}# 0 the appa:z:us
receives several ballistic deviations which can be studied byAusual
methods /:v .

e i,

Ttk et pop

P
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The Possibility of Obtaiming 2 84-Mimute Period and of Compensating
for sgs Ballistic Deviations

Vie shall modify the preceding scheme by uniting‘ the pendulum K,

with the gyroscopic
with the gyroscopic H’, Hly and the pendulum x,

2
Hy, H'y. Equations (1) are not modified, but in equations (2)

{ A= 11ghtly
the expressions K,(v\"’ __Lﬁ and Ky(<L- 7 will vary sligl

in places where we perform "connections® in such a mamner that

the second expression has the minus gign, Assuming that:

_l%_ - W pri%
2Hy
we obtain instead of (2):
O AL
* or setting:
R AR S
multiplying by 1 and 1 and then adding: ,
(7) p? a2
fle are then led to a l:le' unknown
(8 prv
where the quantitys:
, 0 p2tr

18 the velocity deviation; we note that ¢3, —(&1 and we write:

(19) p2a
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hance we obtain the following transformation equation:

(11) ‘92‘57/

¢ we select the peremeters such that k = 4V , then
atus

homogeneous; this indicates that the appar
¢ deviations, Thus for
to M, Shuler,

the equation becomes

in this case does not possess ballisti

SRR SR A

the given system compensation is possible according

o eince the system acte during compensation.as & gyroecopie pendulum

with a period of precessiont
- &% = 1
7 = L= = gH H min. (12) 2

1t does not present any difficulties to provide for dmpening

In order to do this it is necegsary

of the free procession.
h of the discussed variants of the system by joining

th gyroscopic pairs and by selecting

_ to combine bot
each of the pendulups with bo
in a suitable manner the tranemission ratios of signals,
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